Measures the changes in environmental quality that occurred in the early years of economic transition for 12 former centrally planned economies. The authors address the empirical question of whether the transition from a centrally planned to a market-driven economy exacerbates environmental degradation or stimulates environmental improvements. The results indicate a strong relationship between environmental improvement and price liberalization, trade and foreign exchange reforms, enterprise restructuring, and prevarication reforms.
Abstract
The paper measures the changes in environmental quality that occurred in the early years of economic transition for 12 former centrally planned economies using information on 13 pollution effluents in the manufacturing sector and the energy intensity of the value added. For the manufacturing sector, the change in the pollution is separated into scale and composition effects.
Pollution decreases substantially in most countries because of large decreases in aggregate manufacturing activity. The composition effect is more diverse depending on the effluent type and country. We examine the reduced form relationship between composition effects coupled with the energy intensity rate of change and the extent of policy reforms. The results indicate a strong relationship between environmental improvement and price liberalization, trade and foreign exchange reforms, enterprise restructuring, and privatization reforms. In addition, the amplification of the environmental regulatory regime causes a shift towards a less-polluting allocation of resources.
TRANSITION TO MARKETS AND THE ENVIRONMENT: EFFECTS OF THE CHANGE IN THE COMPOSITION OF MANUFACTURING OUTPUT Executive Summary
This paper analyses environmental problems in 12 former centrally planned economies (CPEs) during their transition from plan to market. The empirical question addressed is whether the transition from a centrally planned to a market-driven economy exacerbates environmental degradation. Or, is it the case that environmental improvements complement economic transition?
Since no reliable statistics exist to monitor trends in pollution emissions in former CPEs, in constructing the data set for the purpose of inter-temporal and inter-country comparison, we had to rely on approximations. First, our goal is to quantify the changes in environmental quality that occurred in the early years of transition. We did this by measuring the changes in the composition of manufacturing output in the direction of cleaner or dirtier industries. Second, controlling for the overall decline in economic activity (which turned out to be a necessary byproduct of the transition process) we analyze whether changes in the composition of output towards dirtier or cleaner industries can be explained by the relevant institutional changes. For example, can these changes be explained by the degree of completeness of transition reforms and also by the impacts of environmental regulatory regimes?
Using relatively simple techniques we investigated the character of the change in the pollution emissions of 13 pollutants plus the energy intensity of value added in 12 former CPEs. We found that pollution emissions associated with aggregate manufacturing production have substantially decreased because of the near collapse of manufacturing in many of the former CPEs. However, it was more difficult to identify patterns of changes in emissions due to the new composition of manufacturing activities. A diversity of patterns emerge, with some cleaner composition for some effluent types and some countries, but also with dirtier composition for other pollutants and countries.
Despite these heterogeneous patterns, we were able to identify two recognizable clusters of countries. The first group comprises Azerbaijan, Bulgaria, Kyrgyzstan, Latvia, Slovakia, and
Ukraine. For these countries, the emphasis on chemicals, metallic industries, and plastics seems to have survived transition or even has increased. The second group, consisting of Armenia, Hungary, Macedonia, Poland, Russia, and to a lesser extent Slovenia, shows consistent environmental improvements in the composition of manufacturing output with respect to most pollution emission types except for biological oxygen demand and volatile organic compounds.
This analysis finds that price liberalization, trade, and foreign exchange system reforms, and enterprise restructuring and privatization resulted in a cleaner composition of manufacturing output and reduced energy consumption per dollar of value added. With available data capturing the degree of environmental policy reforms, we also find that the amplification of the environmental regulatory regime caused a shift towards less polluting allocation of resources.
Introduction
Early anecdotal reports on the status of the environment in the former centrally planned economies (CPEs), released immediately after the collapse of communism, portrayed an appalling picture of extensive environmental degradation. This was attributed to the absence of adequate environmental policies and a systematic neglect of environmental issues. Although this catastrophic portrayal appeared somewhat exaggerated (Pearce and Warford 1993) , little systematic evidence on the status of the environment in the former CPEs and no international comparisons with the rest of the world, have been presented so far. In this context, an interesting question arises: What happened to the status of the environment in the CPEs in the early years of transition? An attempt to answer this question is presented in this paper. The empirical question addressed is whether the transition from a centrally planned to a market-driven economy exacerbates environmental degradation. Or, is it the case that environmental improvements complement economic transition?
The literature on explicit linkages between the environment and the socio-economic transition from central planning to markets tends to be "conjectural" or based on scarce and incomplete evidence (Pearce and Warford 1993; Scalan 1992; DeBardeleben 1991; OECD 1995; Buydos 1990; Zylicz 1997) . In an attempt to try to predict the environmental consequences of a country's transition from a centrally planned to a market-driven economy, one can start with a standard categorization of pollution as an externality. This particular type of market failure can be mainly attributed to the absence of clearly specified property rights over different environmental media. Since centrally planned economies were characterized by a complete absence of markets, one can think about the transition from a centrally planned to a market economy as a movement from a domain of more (complete) market failure to a domain of less market failure. Therefore, in theory at least, the transition from more market failure to less market failure is consistent with an overall improvement in environmental quality.
The above conclusion would most likely hold in the very long run. However, in the shortand medium-run, the consequences of transition are far from obvious. This is especially true since even in the most developed and mature market systems, the environmental media are certainly the last ones where property rights would be established and market failures alleviated. Based on the existing literature on growth, trade, and the environment, several more operational hypotheses pertaining to the transition and post-transition periods can be developed.
First, one can conjecture that the environment in the economies in transition would get cleaned up quickly because of rising energy prices, penalizing energy-intensive activities (Hughes 1991) . Secondly, one can also argue that the abundance of skilled labor in these countries may result in a new allocation of resources towards cleaner specialization induced by international market discipline, as shown to be the case for Mexico (Beghin et al. 1995; Grossman and Krueger 1993) . These optimistic views may be invalidated by the fact that many transition economies have lax environmental regulations and are "abundant" in environmental endowment (Rauscher 1995) .
If this is true, then one could potentially observe a worsening pollution due to an increased specialization in pollution-intensive industrial activities.
Some of these questions can be addressed by looking into a relationship between the pollution intensity of the economy and measures of openness. The literature on this question presents controversial evidence. Lucas et al. (1992) found that intensities for outward-oriented and fast-growing economies were decreasing rapidly in the 1980s and, further, that a negative relationship could be established between an index of openness and pollution intensity of value added. This finding suggests that outward orientation is environmentally less damaging than the inward orientation. However, Rock (1996) found little econometric evidence to support the relationship between outward orientation and environmental improvement.
The scope of this paper is largely determined by the availability of the empirical data. Since no reliable statistics exist to monitor trends in pollution emissions in former CPEs (Zylicz 1997) , in constructing the data set for the purpose of inter-temporal and inter-country comparison, we had to rely on approximations. First, our goal is to quantify the changes in environmental quality that occurred in the early years of transition by measuring the changes in the composition of manufacturing output in the direction of cleaner or dirtier industries. Second, controlling for the overall decline in economic activity (which happens to be a necessary byproduct of the transition process) we want to see whether changes in the composition of output can be explained by the relevant institutional changes. For example, can these changes be explained by the degree of the completeness of transition reforms and also by the impacts of environmental regulatory regimes?
The paper investigates these issues for a representative subset of the Central and Eastern Europe countries (CEEC) and Newly Independent States (NIS).
We find that pollution sharply decreased in most CEEC/NIS because of a near collapse of output. The new manufacturing specialization varies a lot by country. No clear general pattern on transition and pollution can be easily identified. Further, we find that policy reforms affecting price liberalization, trade, and foreign exchange systems, as well as reforms in the area of enterprise restructuring and privatization had a beneficial effect on the composition of manufacturing output, steering it towards less polluting sectors, and on reducing the energy consumption per dollar of value added. With available data capturing the degree of environmental policy reforms, we find that the amplification of the environmental regulatory regime caused a shift towards a less-polluting allocation of resources.
Market and Environmental Policy Reforms in Former Centrally Planned Economies
The data for measuring the degree and completeness of the market reforms in the former CPEs used in this study comes from the European Bank for Reconstruction and Development (EBRD) (1995) 1 , which summarizes the progress in transition in four major areas: enterprises, markets and trade, financial institutions, and the role of the state. As of October 1994, the countries that had made the most significant progress in establishing a market economy were Czech Republic, Slovak Republic, Hungary, Poland, Baltic States, Slovenia, and Croatia. Most of these countries had already liberalized foreign trade and domestic prices, privatized small-scale businesses, and had started to deal with banking reform, enterprise restructuring, and large-scale The transition indicators classification system is reproduced in Table 1 .
The aggregate scores for the three groups of transition indicators were obtained by summing the scores of individual elements. Since there are six individual transition elements (three in enterprises, two in markets and trade, and one in financial institutions), the maximal achievable score for each country is 24. The ranking of countries according to the total market transition score is presented in Table 2 . The progress in transition is positively rank-correlated with per capita GNP calculated at purchasing power parity (PPP). There are two notable exemptions, Croatia and the Baltic States, where the progress in market reforms is well ahead of their wealth ranks, and Belarus and Ukraine, whose cumulative transition scores rank well below their per capita GNPs.
Aside from the changes in the political-economic environment brought about by the transition from central plan to market, the change in the environmental regulatory regime may have significantly influenced the changes in environmental quality. Unlike with the assessment of the overall degree of market reform in former CPEs, the comparable assessment of the degree of environmental policy reforms across former CPEs is not available. 2 To approximate changes in environmental regulatory regimes, we use a measure of revealed regulatory effort exerted by policymakers to address environmental problems.
Environmental protection in the CEEC/NIS is mostly financed by the extra-budgetary "environmental funds" (Zylicz 1997 
Measures of Environmental Quality
In order to carry out the empirical analysis, cross-country time-series data on pollution emissions are needed. As mentioned earlier, no reliable statistics to monitor trends in pollution emissions in former CPEs exist (Zylicz 1997) . The only available environmental indicator that satisfies our criteria is the data on energy use. 3 To get a broader picture about the status of the environment in those countries, we had to rely on constructed measures. Notably, the changes in a country's environmental quality are approximated by the changes in the composition of manufacturing output. This is accomplished by using pollution intensities estimates 4 and the data on the composition of the manufacturing output for the sample of 12 countries. The intensities are expressed in pounds of pollutant per million dollars of output at 1987 prices. Thirteen types of pollutants are grouped into four subsets (total toxic chemicals released in air, water, and soil;
bio-accumulative metals in air, water, and soil; air pollutants (nitrogen oxides, sulfur oxides, volatile organic compounds, suspended particulates, carbon monoxide); and water pollution (biological oxygen demand, and total suspended solids).
Countries included in the data set and the time period coverage are as follows: Armenia (1990-93), Azerbaijan (1991-94) , Bulgaria (1990-94) , Hungary (1990-93) , Kyrgyzstan (1990-94) , Latvia (1990 -93), FYR Macedonia (1990 , Poland (1990-93) , Russia (1991 -94), Slovakia (1991 , Slovenia (1990-94) , and Ukraine (1990-94) . Countries were chosen according to the availability and continuity of disaggregated manufacturing data for the period 1990-94. 5 Data from other industries, such as mining and quarrying, and electricity, gas and steam, was too fragmented to be used. (1) E t e t x t X t x t X t
where, for the purposes of this exercise, the term (e i /x i ) is assumed to be constant (therefore t has been dropped) representing the sector pollution intensities based on 1987 U.S. technology.
Differentiating (1) with respect to time, one obtains:
Introducing S t x t X t It follows from (4) that the rate of change in total pollution has two parts: the composition effect and the scale effect. The composition effect reflects the change in pollution resulting from producing different goods (the product of the pollution share of sector i and the corresponding rate of change in output share, summed across all sectors). The scale effect represents the expansion or contraction of pollution directly proportional to aggregate manufacturing activity, holding composition constant (the rate of change in aggregate output). The composition effect also reflects the change in average pollution intensity of aggregate manufacturing output.
Equation (4) forms the basis for the empirical analysis of the environmental quality changes in the remainder of this section.
All output data, originally reported in current values of local currencies, was first converted into constant 1987 U.S. dollars, 6 and then pollution intensities coefficients were used to convert sectoral outputs into pollution emissions. The results for the average annual rate of change in pollution composition and scale effects for 13 pollutants and 12 countries are presented in Table   3 . Positive numbers indicate the environmental deterioration in the composition of manufacturing output (a movement towards more polluting industries), and negative numbers indicate the improvement in environmental quality (a shift towards cleaner sectors). Referring to the analytical formula in (4) indicates that adding up the composition effect and scale effect produces the rate of change in the aggregate pollution. However, the results show that independently computed rate of change in pollution differs from the sum of composition and scale effects. The differences are quite small and stem from the use of discrete time approximations of the continuous time derivatives.
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The last column in Table 3 represents the average annual rate of change of the GDP energy intensities, where the indicator was derived by dividing the total consumption of energy in metric tons of oil equivalent by the total GDP expressed in constant 1987 U.S. dollars. As of 1994, the CEEC/NIS exhibited far larger energy intensities per dollar of GDP than the OECD countries.
The absolute numbers (not presented in this paper) show that for the group of countries analyzed, the energy intensity varies from as low as 387 grams of oil equivalent per 1987 dollar of GDP in Slovenia and as high as 4 kilograms of oil equivalent for Azerbaijan. From 1990 to 1994, the energy intensity of GDP decreases for nine countries in our sample, illustrating the rationalization brought about by higher energy prices in the transition period.
The obtained results seem to point towards several common tendencies emerging in transition economies. First, in most countries manufacturing output had collapsed or substantially decreased in early transition, and eventually leveled in later years, thereby reducing pollution levels by a corresponding massive scale effect. The scale effect virtually dominates composition effects in all countries for all pollutants. Second, various composition effect patterns, observed across pollutants and countries, suggest diverse patterns of specialization induced by the transition. In many countries, resources have been moved away from heavy manufacturing industries, such as iron and steel and towards lighter industries, such as food, beverage, and tobacco products. We find such instances in Armenia, Hungary, Kyrgystan, Latvia, and Poland.
These compositional changes towards lighter industries have been accompanied by increases in biological oxygen demand (BOD) and volatile organic compounds (VOC) emissions, and by decreases in bio-accumulative emissions released in the soil and air. In addition, several countries have expanded their energy and petroleum-refining activities (for example, Bulgaria, Azerbaijan, Latvia, Hungary, and Kyrgystan), inducing more toxic pollution.
The composition effect results reveal two clusters of countries, with no country remaining at the status quo: those with dirtier and those with cleaner manufacturing composition. Those with dirtier composition are Azerbaijan, Bulgaria, Kyrgystan, Latvia, Slovakia, and Ukraine. For these countries, the compositional changes of manufacturing output were environmentally harmful with respect to at least ten pollutants, and sometimes for all pollutants (see composition effects in Table 3 ). The emphasis on chemicals, metallic industries, and plastics seems to have survived the transition, or even has increased. The countries with cleaner composition are Armenia, Hungary, Macedonia, Poland, Russia, and to a lesser extent Slovenia. They show consistent environmental improvements in the composition of manufacturing output with respect to most pollution emission types, except for VOC and BOD.
Composition Effect and Transition Reforms
Based on the results obtained in the previous section, we investigate whether changes in pollution that have occurred in the early 1990s can be explained by relevant institutional changes, notably by the degree of completeness of transition reforms and the changes in environmental regulation. To isolate the impact of the overall decline in economic activity, which is a common characteristic of all countries in the region during that period, we select the composition effect,
i.e., the rate of change in pollution attributable only to the change in the composition of manufacturing output (as a dependent variable in the regression model). For the same reason, we use the rate of change in energy intensity, i.e., the rate of change in energy consumption per dollar of GDP, as a dependent variable in the model. The data on 13 pollution intensities rates are stacked vertically together with the data on energy intensity rates to form a column vector of 14 pollution indicators for 12 countries.
The empirical method involves regressing the column vector of composition effects cum energy intensity rates on relevant transition and policy reform indicators. Defining Z j to be the observable variables measuring the degree of the completeness of transition reforms and F j to measure the changes in the environmental regulatory regime affecting the change in the pollution emissions of pollutant i in country j, the empirical model can be expressed as: The strength of the transition reforms is measured by the scores for various transition elements from Table 2 . The maximum theoretical score for enterprise restructuring and privatization is 12, whereas the highest observed score in our sample of 12 countries is actually 10. The highest possible score for price liberalization and trade and foreign exchange system reform is 8 whereas the highest observed score is 7. For banking reform, the maximum attainable score is 4 and the highest observed score is 3. However, in regression analysis, rather than using cardinal scores, we use six categorical variables (dummies).
In the category of enterprise reform the first dummy variable Enterprise(7,8) has the value of 1 if the score equals 7 or 8, and zero elsewhere; and the second dummy variable Enterprise(9,10) has the value of 1 if the score equals 9 or 10, and zero in all other cases. The definitions of other dummy variables for markets and trade and banking reforms are recognizable from the selfexplanatory variable labels in Table 4 . The change in the environmental regulatory regime is approximated by the size of environmental funds expressed as a percentage of a country's GDP from Table 2 . For those countries in our sample of 12 for which the OECD (1995) has not reported the existence of environmental funds (Armenia, Kyrgyzstan, Latvia, Macedonia, Slovenia), we assumed that they were zero.
Two specifications of the model are presented in Table 4 : one with transition reform indicators only, and the other with transition reform and environmental policy regime indicators.
The results look fairly similar, with the second specification providing a slightly better overall fit (adjusted R 2 of 26 percent compared to adjusted R 2 of 21 percent). 8 The results suggest the existence of a robust and negative link between enterprise and market reforms and pollution. In both specifications, pollution intensity decreases monotonically with the degree of completeness of the market reforms as indicated by the larger magnitude of the coefficient of Markets(7,8) than the coefficient of Markets(5,6). The composition component of pollution appears to respond negatively to price liberalization and trade and foreign exchange system reforms in a sense that advancing reform shifts resources towards less polluting manufacturing sectors. The same is true for energy intensity in a sense that more advanced reforms stimulate the reduction in the energy consumption per dollar of GDP.
The estimated link between enterprise reforms and pollution intensity is monotone and negative in the specification with no environmental reform variable in the model. As far as the first 13 pollutants is concerned, it suggests that the progress in enterprise restructuring and privatization shifts the resources towards less polluting manufacturing sectors. In the area of energy utilization, the result says that the degree of completeness of enterprise reforms reduces the energy intensity per dollar of value added created. However, when we account for the change in environmental regimes, we observe an initial decrease in pollution intensity associated with enterprise reforms, but with no additional environmental improvement with further enterprise reforms. Hence, while the initial improvement appears well established, it is questionable if further completion of enterprise reforms brings any additional environmental improvement.
The response of pollution intensity to the environmental funds variable is robust and negative in both specifications, strongly suggesting that a shift away from pollution-intensive activities is induced by environmental reforms. Hence, we found evidence supporting the conjecture that environmental "abundance" (lax environmental regimes) is associated with specialization in pollution-intensive industries.
A surprising result is a positive and robust relationship found between the banking reform variable and pollution intensities. We could not find any obvious rationalization for this result.
Several countries that have lowered the pollution intensity of manufacturing also have been lagging on the banking reform front; such is the case of Armenia, and Macedonia. The converse is, however, also true. For instance, Slovakia and Latvia have extensively reformed their banking institutions as of 1994, while also specializing in more pollution-intensive manufacturing. The heterogeneous sequencing of reforms in the countries included in our sample may explain this finding and certainly warrants further investigation when data on other countries become available. We have also estimated several alternative specifications with only two banking reform levels (one dummy variable) and also without banking reform variables. In both instances, the explanatory power of the model decreases, but qualitative results remain unchanged.
Finally, we investigated the sensitivity of our results to the inclusion or exclusion of the energy intensities in the data. Regression results are invariant to the inclusion or exclusion of the energy intensities as a fourteenth pollution indicator.
Conclusions
Using relatively simple techniques we investigated the character of the change in the pollution emissions of 13 pollutants plus energy intensity of value added in 12 CEEC/NIS embarked on the path of economic transition from the centrally planned towards market-driven economic systems. We found that pollution emissions associated with aggregate manufacturing production have substantially decreased because of the near collapse of manufacturing in many of the former CPEs. However, it was more difficult to identify patterns of changes in emissions due to the new composition of manufacturing activities. A diversity of patterns emerge, with some cleaner composition for some effluent types and some countries, but also with dirtier composition for other pollutants and countries. Despite these heterogeneous patterns, we were able to identify two recognizable clusters of countries, one expressing the tendency towards cleaner manufacturing, and the other moving towards dirtier sectors based on heavy manufacturing.
From our econometric exercise we found strong evidence that the majority of the transition reforms, In summary, our findings can be interpreted as being consistent with Lucas et al. (1992) . In the case of the former CPEs, the partial effect of outward orientation achieved with reforms affecting market incentives and border measures is beneficial to the environment. We also find empirical support for the conjecture that more stringent environmental regimes produce further shifts away from pollution-intensive activities, suggesting increased environmental benefits from the coordination of environmental protection and market reforms. 
